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AXflpuw 

(56) Harem CUJA I* 3487673, m. 62-282, 

CaewH r.A.BonOHeHweTpy6. - M.: M<rra* ~ 

ziyprHH. 1982. c. 89-92. 

UJypynOB AX, d>peft6epr M.A. npowaaOA- 
ctbo Tpy6 aKOHOMwMecicwx npo<>MJiet*. ~ Ccop- 
Anoacx: MeTa/l/iyprw3AaT, 1963, c. 221-225. 



(54) CnOCOB W3rOTOBJlEHl4fl rOOPHPO 
BAHHOrO CTA^bHOrO flftACTblPfl 
(57) CytUHOCTb w3o6peTeHMa: TepMoo6pa6oTKy 
n/iacTwp* TOKavw bwcokoA vacTOTbi ocymecr- 
b/i*<ot noc/ie ro<t>pMpoBa«w», a CM330MMUM 
c/ioft HaHOCflT nooTOpHO noc/ie ox^a^eHMp. 
npejviaraeMbia cnocoS no3Bon«eT aa cMeT no- 
BWUieMMfl n/iacTMMMbix cbo^ctb MeTan/ia na- 
AexHO o6ecneMMTb repMe™3auw»o 
peMOHmpyeMOro yMacTxa cxaawiMHW. 1 rao/i. 



H306pereHvie othocwtcp k o6pa6oTxe mc- 
ranna abbiohvibm* a h3Cthoct« < TexHonorww 
MsroroaneHUR ro<t>pMpoB8MHux rpy6. 

Ochobmwmwi onspauwaMw b TexHonorMMe- 
ckom npouecce MsrOTOBneHwm tohkoctchmux 
ro<t>pMpOBaHHMx Tpy6 aa/metc* xonoAHa» Ae- 
<j>opMauMJi^HanpitMep BOAOMenvie w npoxanca 
Tpyb, xnMM^c«a« o5pa6oTxa. TepMwecxa« 
o6pa6otKa ix/ia chatwr oct3tohhmx Hanpaxe- 
hm*< B03H*icaK>uiwx b pe3y/ibtaTe Ae<t>opMa- 

UMW W npO^ilAWpOBaHMSl MeTOAOM Hatcaricvt 

M38ecraH cnoco6 n3roTOB/ieHM* rpy6 c 
npoAo/ibHw'MW nxfrpaM* nyreM AayxsTannoro 
4>opMOB3HWfl Tpy6w-3arOTOBKw, npusew Ha 
nepaoM arone ee ro4>pwpy»OT paAwa/tvHUMM 
y cm/wrmm. a na btopom arane o6**Ma>OT b 
npo<t>vt/!MpoBaHMoA ao/ioite. 

OAMaco oo3HviKaioiuMC b pe3ynbT»Te 
cwatHoa A^opMauMH ocTarosHwe Hanpw*e- 
hm* nc A* to? AOCtaTCMMO* nonepe*moft npOH* 

HOCTW, M^TB/1/1 CTaHOBMTCR XpyHKHM M 



HenpuroA^H b xaMecTBe .mactbipa npn pewo*- 

T* o6CaAHOft KO/IOMMW 8 CKBaXlAMe. 

flna cmatms ocTatWHbix Manp»^eMMi4 xpy- 
6unoABCpraiOTTepMWHecKOft o6pa6o-n<e - ot- 
*wry o nenax wna nCO-06 n ^O-09 w 
nonyMeHMfl Ha Tpy6ax oxwcnoii n/ienicu. bw 
nonH«»omeft <t>yHKi*nu noAMasoMHoro noKpw- 

TMB M 06*BAa»0meA AOCTaTOMHOM 

nopwcTOCTbio « aACOp6anOHHO^ cnoco6no- 

CtbK) K CMB3Xe. 

VISBBCTeH Ta»QKe cn6co6 % npvt kotopom 
TOHKOCTBHHWB npo<$>w/ibHbte Tpy6w npaaflT 
pacTHxeeHMBM m pa3A3He& c HarpeaoM na anex- 
TpoTepMkwecxoM o6opyAPB8HMH. CHanana 3a- 
rorOBicy xpy6w narpeBdiOT roxaMn 
conpOTMBnBMMfl ao TQMnepaTyp* OTxura. a 
3STGM noc^e ox/ia*AeHM» pa3Aaior npn homo 
ihm M>Hwnecs<oA onpdBKM. 

HeAOCTatOK cnoco6a 3eioiK)MaeTCJi a tom. 
hto npvt HanoxeHMw nnacTupa w3 KBOTox^en- 
Hbix Tpyd MOttCT npowcxOAvtTb paspbie no 
npo<t>w/ibHoft □&paayK>mea. 3 Hano>KeMVi M 
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onacTwpfl w3 OTOMwenHwx Tpy6 c nocne^yK)- 
iuum rcxfcpwpOBaMneM mojkct r-poncxo/i^Tb 06- 
pa3oeaHweMt/>xpo7pemnH bo enaAwnax u na 
ewcrynax npOAOAbHbix ro<t>p npvi /xe^opMannn 
mx ao uw/iMMAPMHecKOtf (fcopMu, xorAa ee rmoi- 
ho npw>KMMa»oT (HaKaTbieaK>T) AOpnupy»ome* 
ronOBKO* k BMyTpeHne^ noBepxHOCtu o6caA~ 
HO* koaohmw. B pe3y/itTare He o6ecneMwea- 

eTCft HaAti^HOCTb repM6TM3aUV1M H3-33 

MM3KOM n/iacTMMHOCTM MeTanAa ro^pupoeaM- 
HOro n/iacTwpa. 

UeAbto w3o6peTeHH9 HBAAeTca nosbiiue- 
Hue HaaewHOc™ repMeTvi33UMw o6cax<eHHOi/t 
cKBaJKMHw nyreM noBbitueHwa nnacTWMHoc™ 
MBTanna nnacTupa. 

CyiMHOCtb M3o6peTennp saxnKmaeTcn b 

TOM, MTO TepM006pa60TKy T0K3MM BblCOKOW Ma- 

ctotw ocyweCTBnnK>T nocne ro<t>pwpoBanna, a 

.33TeM nOBTOpHO HaMOCflT CMa30MHbl^ cao*. 

B pe3ynbiaTe 3HaxonepeMeHHbtx Ae<t>op- 
Maun«, KOTOpwM noAoep«"aeic» MCtanna Tpy6 
npu ro^p^pOBanWii kax b npouecce w3roT0B- 
itcMMfl nnacTbipetf. tbk m npu pa3Aase a npo- 
uecce yctanOBK^ b cKeaxuHax, npoMcxtwvr 
3naMMTenbHoe ynpoMH6Hwe MeTanna, npwseM 
Hau6o/ibtuHe 3HaMeHnfl ynpOMHeHW* npwxoA- 
btch Ka Bf>aA«Hbi ro<t>pnpOBaHHWx Tpy6. 

M3MeHeMne tbcpaoctw (Hv) cram* Mapxn 
10 npM TepMOOOpaSoTxe, ro<t>pwp0BaHMH w 
pasAa^ riflaCTupfl noxa33HO b xa6/iMue. 

l/\3Ta6nvtuw bwaho. MTOTBepAOCTb MeTan- 
na nnactb<p« nocne pa3A3Ma 9 o5caAHOfc Tpy- 
6e AOCTuraeT Haw6onbuiux 3HaMeHwft. ecnw 
nnacTbipb w3roT3BnvteancH <*3 HeTepMOo6pa- 
6oTaHHOfi Tpy6w. flpvi uaroToaneHvui nnacTbi- 
peft H3 npeAO^pviTeAbHO TepMoo6pa6oTaMHbix 
xpyr/ibix Tpy6 npw rG<t>prtpoBaHWM TBepAOCTb 
MBCKOfibKo cHw^aeTcs no cpaBHenHK) c nerep- 
MOo6pa6oTaHKbiMn 3aroTOBxaMU. ho nocne 
pa3AaMM TBCpAOCTb B03pacTaer homtm ao toi* 

5K6 BC/WMMHU; MTO M 6e3 TepM0O6pa60TKM. 00- 

cne TepMMMecKOPi o6pa60TKv< ro<t>pvipOB3HHwx 
Tpy6 c warpeaoM tok3mw bwcokow mbctotw 
TaepAocTb mx cnnxcaeTca 3Ha4UTenbHo, a no- 
cne pa3AaMw OHa MeHbiue. mom y HeTepMOo6- 
pa6oTaHHwx. 

B oTfitiMvie ot neMHoro mam raaoeoro na- 
rpeaa npn o6pa6oTKe 33totobkw ToxaMM buco- 

K0* MaCTOTM npOMCXOAMT He3MaMMTe/tbHOe 

M3MeneH^e <vopmu ee npo<}wna, «a noecpXHO- 
CTMTpy6u o6pa3yeTc« tohxvi* cno(^ oxanviHbi* 
KOTOpwM -He oTcnan6aeTc» b npouecce Ae4>op- 

M8UMM - pa3A8MH. CMa30MHW^l CHO^ H3HOCWT- 

CP na BHyrpeHHiOfO noBepxHOCTb 
oTOKKeMHbix npoAonbHo-ro4>pnpoBaHHbix 
Tpy6 nocne nxoxna>KAeHM». Oh npeA0xp3H«eT 
BHyrpeHniOK) noBepxnocTb ot KOpp03nonHoro 
pa3pyuieHM« a npouecce 3Kcn/iyaTau"* m chvi- 
KenHR oceobix ycwnuM b npouecce pa3AQMM 
nnaCTwpei^. 



(1 p m m e p. Ann peMOMTa oGcaAnon ko- 

/10HMb4 ^naM6TpOM 146 MM C TOniU^HOM CTCHKM 

8 mm nnacTbipb naroraanHeaiOT w3 tohkoctch- 
hom Tpy6t>i /l^aMeTpoM 130 mm c TonmwHoi* 
5 CTenxM 3 mm n3 cxaAn MapKH 10. Anwna T py6w 
9-1 1.5 m. 

Ha BHyTpeHHioK) noaepxHocTb Tpy6w na- 
hocpt enow rpa<J>wTOBOi* mom Apyrow cmbskw. 
npeAHa3HaMCHHOrt an* CHuxcennH ycnn»4H ro<J>- 
10 pupoB3Hwfl. ro<{)pvipOfiaH«e uvinnHApwMecxo^ 
TpyObi npon3BOAPT na cneuwanbHofl ycTaHOB- 
xe Mepe3 ponwKOBy»o ronoaxy c BHyTpeHHew 
npo<t>wnbHO^ onpaeKOfl. flonyMaeTCfl npOAo/iu- 
HO-ro4>pvipOBaHHa» Tpy6a c Hapy*nwM A^a- 
15 MeTpOM 116 mm v\ mucaom ro<t5p 6 nnn 8. 3aTeM 
npon3BOAMTC» phxtobks ro<J)pnpoBaHHOw Tpy- 
Cbi nocne oTpesxw ee na 3aAaHHyx> AAMHy. 

3aTeM npon3BOA^TCR TepMimecxan o6pa- 
6oTKa npOAonbHo-ro<t>pwpooaHHOM Tpy6w - 
20 HopManvi3aunfl c narpeaoM TOxaMM bwcoko^ 
sacToTbi Ha yciatiOBxe BMT 30/6. npvi stom 
npoAO/ibHO-ro(J)pvipOBaHHa« Tpy6a ycTanae- 
/iMBaeTCw ropvi3OHTanbH0 na ponwKOBbix ono- 
pax n c onpeAe«6HHOi?t cxopocTbK) 
25 npoABuraexcfl Mepe3 whayktop. 

Oxna>KAeHue Tpy6bi npow3BOAWTc« na 
eo3Ayxe. CMa3xa. xoTopan 6wna naHecena ne- 
peA roOpwpoeaHMeM. BuropaeT, 

Tax xax b cxoa>KMHe npn ycTaHoexe nna- 
30 CTbipji & ^HTepBane peMOHia npOM3BOA^Tc>» 
pa3A^Ma nnacTbipfl AO xpyrno^i 4>opMbi n npw- 
>Katvifl k CTeHKe o6caAnow Tpy6w. to npw stom 

B03HMK3IOT 60AbLUHe KOHTaKTHbie Harpy3xn 

Me>KAy nnacTwpeM w wHCTpyMenxoM aa« pa3- 
35 a3mh„ Ann CHUxenuft $tmx H3rpy30x na BHyT- 
peHH»oK) noaepxHOCTb nnacTwpn h3hocwtC5> 

BTOpWMHO CMa30MHWM CAO^, KOTOpUVl CAyxcwT 
KdK AAA CHM^eHVtfl yCHAHCH, B03HHK3tOmnX npM 

pa3A3^e nnaCT^pfl, tbk h Ann npeAOxpanenw^ 
40 3T0rt nOBepxHoc™ ot xopposuOHHoro pa3py- 
luenw^ a npouecce 3KcnnyaTen*vi. 

CoMeTaHne TepMMMecxoi^ o6pa6oTKw nAa- 
CTwpeCH nocne ro^pwpoaaHWR w Ha^^ceHwe 
CMaaoMHoro cnofl Ha 8HyTpeHH»o*o noBe^x- 
45 HOCTb nocAe TepMWMecxoft o6pa6oTxvt no3so- 
AftK)T noBHCUTb nnaCTuiMHoCTb MeTaAAa 
OAacTwp o6ecneMMTb GnaroAapa axoMy Ha- 
Ae^HocTt* repMeTnaaqnn peMOHT^pyeMOM 

' CKBaWVtHbl. 

SO 

<X> opMyna vi3o6peTeH^» 



Cnoco6 w3fOTOBneHw« ro^pwpofiaHHoro 
CTanbHoro nAacTup*. npewMyiuecTBenHO aa» 
55 peMOHTa o6ca*eHHoa CKsa^^Hbi. BxniOMaio- 
mniJi TepMOo6pa6oTxy 3arOToa«n. Hanecenne 

CM330MH0rO CAO» H3 BHyTpeHHKW nOB6pXH0CTb 

3aroTOBxvi m ee ro4>pv*pOBaHne. o t n w m a k> m m v> 
c a TeM. ^rro. c uenbK) noewiueHM» naAexcnocTn 
repMetH3au«n o6ca>xeHHO& ckb^^hhw nyreM no- 
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BbiiueHMR nnocTHMMOcTci MeTanna nnecTup*. ocy»neCTBfl««OT nocne ro4>r*poeam/H>. a aoTew 
tepM006pf«60T»cy toksmm bucokoA sactOTU noBTOpno m8hocht cMa30Mr.uA cnoii. 



l/lcxOAHoe COCTOw- 




8 VIA O6D&6OTICH 




Mwe Maxcpna/ia 


Ao ro<t>pMpoBaHHfl 


doc/ie ro<$>pwpo~ I 


TepMOo5pa6oTK& 
nocne ro^pupoaa- 

UM») c HarpeBOM 

TOK3MM BWCO- 
KOM MaCTOTblt 


noc/ie pasA^*"* 


Bea Tep*K>o6pa- 
6ot*m 


1570 


1750 




2020 


C TepM00fipfi60T- 


1350 


1660 




1966 


Bed repwooSpe- 

50TKM 


1570 


1750 


1350 


1750 



CocTaawreflb MPoroacwHa 
Peflaicrop H.ryHbtco Tex pe fl M.MopreHTa/» Koppefcrop U.Mycta 

3a«a3 2S65 ~ T "P** noAnitCHoe r , UTrrrp 

BHUVinM rocyaapcTiWHHoro kom*it©T3 no M3o6pereM*«M h otk P wyhsm np 0 TKHT lucp 
1 1 3035. Mockbs. >K-35. Payiucicsp Ha6.. 4/5 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-11.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 116 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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